Introduction {#S0001}
============

T-cell acute lymphoblastic leukemia (T-ALL) is an aggressive hematologic malignancy results from leukemic transformation of developing thymocytes,[@CIT0001],[@CIT0002] representing nearly 25% of adult and 10--15% of childhood ALL cases.[@CIT0002],[@CIT0003] Several cytogenetic abnormalities and genetic aberrations have been associated with the etiology of T-ALL.[@CIT0001],[@CIT0004] Some functions including self-renewal, proliferation and survival, and blocked differentiation of precursor T cells are affected by these genetic aberrations.[@CIT0001]

FBXW7 is a tumor suppressor protein that leads to increased stability of NOTCH1 protein. FBXW7 expression increases subsequent p53 stimulation.[@CIT0005] Inactivation of FBXW7 gene is frequently detected in T-ALL cases.[@CIT0006] More specifically, mutations of FBXW7 were found in about 9--30% of T-cell acute lymphocytic leukemia cases, indicating that FBXW7 plays an important tumor-suppressive role in the pathobiology of TALL.[@CIT0005]--[@CIT0007] On the other hand, numerous studies have demonstrated the significant role of miRNAs in the regulation of a wide range of biological processes, including proliferation, differentiation, migration, apoptosis, metabolism and the stress response. miRNAs are a class of small non-coding RNA molecules, between 19 and 24 nucleotides in length.[@CIT0008] miRNAs act by degrading their RNA targets or by suppressing the translation of mRNAs. Additionally, miRNAs have been indicated to operate as strategic regulators in the pathogenesis of some diseases, especially cancers. In tumorigenic cells, miRNAs have been found to be seriously dysregulated.[@CIT0009],[@CIT0010] A few miRNAs can promote lymphoblastic leukemogenesis through inducing the expression of oncogenes and suppressing apoptosis, impressing the progression and prognosis of the disease.[@CIT0011] Several studies have shown that miRNAs are stable in plasma and serum and that circulating molecules display unique profiles for each tumor. The stability of miRNAs in circulation might be due to their protection by exosome and microvesicle, Argonaute2 (Ago2), and high-density lipoprotein.[@CIT0012],[@CIT0013] It was also shown that miRNA signatures can be applied either in the diagnosis the T-ALL or evaluation of the prognosis of patients.[@CIT0011],[@CIT0014],[@CIT0015]

In the current study, bioinformatics tools were applied to predict the most relevant miRNAs in human plasma that interact with FBXW7 gene products. The expression levels of the predicted miRNAs as well as FBXW7 mRNA were compared in the plasma samples of patients with T-ALL and control group, using RT-qPCR. The role of the predicted miRNAs was also evaluated as potential biomarkers for the diagnosis of T-ALL.

Materials and Methods {#S0002}
=====================

Patients and Samples {#S0002-S2001}
--------------------

Forty patients and 40 healthy individuals were obtained from Valiasr Hospital (Arak, Iran) enrolled in this study. All patients diagnosed as ALL by FAB criteria with an expert hemato oncologist and categorized in T-ALL by flow cytometry method. The peripheral blood was collected and plasma was separated, the following study designed on this part of sample. As illustrated in [Table 1](#T0001){ref-type="table"}, healthy individuals\` and Patients\` samples were related to 20 females and 20 males, with a median age of 45 years (range, 29 to 71 years) for patients group and 39 (range, 26--65 years) for healthy individuals. In diagnosed of T-ALL patients, European Group for the Immunological Characterization of Leukemias (EGIL) suggested the flow cytometry marker to diagnosed (positive for CD34, CD 52, CD2 and, CD7 antigen and negative for myeloid antigen like CD33 and CD 117).[@CIT0016] All patients had not received cancer-related treatment including chemotherapy, radiotherapy, or surgery. All samples were stored at −70°C prior to analysis. All patients and healthy volunteers provided written informed consent and the study was approved by the Ethics Committee of Arak University of Medical Sciences, in accordance with the declaration of Helsinki (ethics number IR.ARAKMU.REC.1396.253).Table 1Baseline Characteristics of Patients and Control GroupsParameterPatientsHealthy ControlsNumber (%)Number (%)Gender Female20 (50)20 (50) Male20 (50)20 (50)Age Median4539 Range29--7126--65Peripheral blood Mean WBC count ×10^9^/L47.25.2 Mean Hb concentration gr/L9.814.7 Mean Plt count ×10^9^/L94281

miRNA Predictions {#S0002-S2002}
-----------------

The nucleotide sequence of FBXW7 gene, with official name of F-box and WD repeat domain containing 7, was retrieved from NCBI ([<http://www.ncbi.nlm.nih.gov/gene>]{.ul}). The obtained sequence was evaluated in most generally accepted bioinformatics resources to examine the potential miRNAs that target FBXW7. These websites include DIANA ([<http://diana.imis.athena-innovation.gr/DianaTools/index.php?r=microT_CDS/index>]{.ul}), miRBase ([<http://www.mirbase.org/>]{.ul}), PicTar ([<https://pictar.mdc-berlin.de/>]{.ul}), miRanda ([<http://www.microrna.org/microrna/home.do>]{.ul}), miRTB ([<https://bio.tools/mirtarbase>]{.ul}), TargetScan ([<http://www.targetscan.org/>]{.ul}), miRDB ([<http://mirdb.org/>]{.ul}), and miRNApath ([<https://www.bioconductor.org/packages/release/bioc/html/miRNApath.html>]{.ul}). Since different algorithms are used in these softwares, we made a score table to select the most consensus candidate miRNAs for subsequent experimental analyses. Finally, two microRNAs with the highest probability were chosen to experimentally evaluate their role in targeting FBXW7.

Primer Design {#S0002-S2003}
-------------

The sequences of the miRNAs were acquired from miRBase database. Reverse transcription-specific stem-loop primers and gene-specific primers were designed using the AlleleID7 and GeneRunner software. The expression of miR-103 and GAPDH was used for normalization of predicted miRNAs and FBXW7 gene expressions, respectively.[@CIT0017]--[@CIT0019] The specificity of the designed primers was designed using the nucleotide BLAST on NCBI. The sequences of the primers are presented in [Table 2](#T0002){ref-type="table"}.Table 2Primers Used for Reverse-Transcription and RT-qPCR Assay of the Target miRNAs and FBXW7TargetPrimer Sequences (5\`-3\`)miR-32S^a^: 5\`-GTCGTATCGAGAGCAGGGTCCGAGGTATTCGCACTCGATACGACTGCAACT-3\`\
F^b^: 5\`-TATTGCACATTACTAAGTTGCA-3\`miR-107S: 5\`-GTCGTATCGAGAGCAGGGTCCGAGGTATTCGCACTCGATACGACAGCAGCA-3\`\
F: 5\`-GCCCTGTACAATGCTGC-3\`miR-103S: 5\`-GTCGTATCGAGAGCAGGGTCCGAGGTATTCGCACTCGATACGACCAAGGCA-3\`\
F: 5\`-GCTTCTTTACAGTGCTGCC-3\`Common Reverse5\`-AGAGCAGGGTCCGAGGT-3\`FBXW7F: 5\`-AAACATTGCAAGGTCCCAAC-3\`\
R: 5\`-CTTTGTGTTTGAGGCTCTGATC-3\`GAPDHF:5\`-GGAGTCCACTGGCGTCTTCAC-3\`\
R:5\`-GAGGCATTGCTGATGATCTTGAGG-3\`[^2]

miRNA Extraction and Reverse Transcription {#S0002-S2004}
------------------------------------------

MicroRNAs were extracted from plasma samples using RNX-Plus kit (SinaClon, Iran) according to the manufacturer\`s instructions and 1μg of RNA was reverse-transcribed using the mixture of M-MLV enzyme (Vivantis, Malaysia), 1x RT-enzyme buffer, 400 μM dNTP, and 1μM of specific stem-loop RT primers and incubated at 75 °C for 5 min. The mixture was incubated at 25°C for 15 min, 37°C for 15 min, 42°C for 45 min, and 10 min at 75°C, in a thermal cycler (Eppendorf, Germany). Finally, the obtained cDNAs were stored at −20°C prior to RT-qPCR analyses.

Quantitative Real-Time PCR {#S0002-S2005}
--------------------------

All RT-qPCR analyses were performed in a Light Cycler 96 instrument (Roche, Germany) using the SYBR Green PremixExRaq II (Yekta Tajhiz Azma, Iran), 1.5 µL cDNA, and 0.3 µM of each forward and reverse primers, and 5.1 µL RNase-free water to adjust the reaction volume to 15 µL. The temperature profile was 95ºC for 3 min, 40 cycles of 95 ºC for 10 s, 55 ºC for 15 s and 72 ºC for 20 s Melting curve analysis was performed after amplifications from to 60°C to 96°C with a ramp rate of 0.2°C/second and continuous fluorescence acquisition. The relative expression was calculated by the comparative Cq method using the relative expression software tool (REST).[@CIT0020]

Statistical Analyses {#S0002-S2006}
--------------------

Relative expressions were analyzed by the REST 2009 and the data in graphs are expressed as the mean ± SE. Receiver operating characteristic (ROC) curve analysis was performed to evaluate the diagnostic value of the miRNA level. All statistical analyses were calculated using SPSS software (version 16; SSPS Inc., 184 Chicago). P-values of \<0.05 were considered to indicate statistical significance.

Results {#S0003}
=======

Selection of the Predicted miRNAs {#S0003-S2001}
---------------------------------

The predictions of DIANA, miRBase, PicTar, miRanda, miRTB, TargetScan, miRDB, and miRNApath software's showed that miR-32, miR-27a and miR-107 are among the miRNAs that target FBXW7 transcript with the highest scores. Although different mathematical algorithms and scoring criteria used in different websites, the selected miRNAs were chosen based on the most repeated miRNA results ([Table 3](#T0003){ref-type="table"}). Between these three miRNAs, miR-32 and miR-107 showed better complementarities with the target and were more consensus in targeting the 3′-UTR part of the FBXW7 transcript and were chosen for further experimental evaluation ([Figure 1](#F0001){ref-type="fig"}).Table 3The Result of miRNA Prediction for FBXW7Gene NamemiRNAmiRTBTargetScanmiRDBPicTarmiRandamiRNApathmiRBaseDIANASUM*FBXW7*has-miR-321^a^11111118*FBXW7*has-miR-107111011005*FBXW7*has-miR-27a0^b^10110104[^3] Figure 1Schematic representation of the 3′-UTRs region of FBXW7 mRNA that is targeted by (**A**) miR-32 and (**B**) miR-107 binding seed region.

Quantification of miRNA Plasma Levels {#S0003-S2002}
-------------------------------------

As summarized in [Figure 2](#F0002){ref-type="fig"}, the RT-qPCR analyses showed that the expression levels of miR-32 were significantly higher in T-ALL patients than in healthy individuals (5.65, P\< 0.001), and the expression levels of miR-107 were significantly lower in T-ALL patients (0.432, P= 0.002). On the other hand, the expression levels of FBXW7 gene were significantly lower in T-ALL patients than in healthy individuals (0.013, P\< 0.001).Figure 2(**A**) Comparison of differential expression levels of miR-32 and miR-107 between patients with T-ALL and healthy individuals. (**B**) Relative expression of FBXW7 in T-ALL patients in comparison to healthy control group. Error bars indicate the standard error of the mean.

Determination of Expression Level Cutoff {#S0003-S2003}
----------------------------------------

Receiver operating characteristic (ROC) curve analyses were conducted to examine the cutoff values of miR-32 and miR-107 to differentiate healthy individuals from patients with T-ALL. The Youden\`s index (\[sensitivity + specificity\] −1) was used for the determination of appropriate cutoff levels of the ROC curves. Comparisons of the miRNA plasma levels between T-ALL patients and healthy individuals showed that at the cutoff level of 0.776, miR-107 had 82.6% sensitivity and 85.7% specificity with an area under curve (AUC) of 0.822. For miR-32, at the cutoff level of 1.84, the sensitivity was defined 95.2% and the specificity was 87%. The AUC of the ROC for miR-32 was 0. 946 ([Figure 3](#F0003){ref-type="fig"}).Figure 3ROC curve analyses correspond to the plasma expression of the two miRNAs to discriminate patients with T-ALL from healthy individuals. (**A**) The area under the curve of miR-107. (**B**) The area under the curve of miR-32.

Discussion {#S0004}
==========

Genetic and epigenetic alterations are recognized as one of the most important contributing factors for oncogenic transformation of immature T-cell progenitors. Currently, aberrant expression of miRNAs has been demonstrated to effect on the development and progression of different types of leukemia including T-ALL.[@CIT0015] miRNAs that target and repress the expression of tumor suppressor genes can play a critical role as oncogenes when aberrantly overexpressed in malignancy.[@CIT0021] The profiles of these miRNAs could differ based on the tumor type and, hence, might provide novel biomarkers for diagnosis of many cancers.[@CIT0022],[@CIT0023] It has been shown the expression levels of miR-181a, miR-128-3P and miR-142-3p were significantly up-regulated in T-ALL patients,[@CIT0001],[@CIT0004],[@CIT0024] whereas miR-204, miR-101 and miR-193b-3p were down-regulated.[@CIT0002],[@CIT0024],[@CIT0025]

Some studies have indicated that FBXW7 dysregulates important signaling pathways including Notch1 and mTOR. Notch1 signaling alteration is strongly related to T-ALL progression.[@CIT0005],[@CIT0024] Since malfunction of FBXW7 has been reported in several types of human cancer, this protein seems as an appropriate choice for miRNA targeting studies. Therefore, the focus of the present study was to compare the expression levels of miR-32, miR-107, and FBXW7 using RT-qPCR in the plasma of patients with T-ALL. The miRNAs were chosen using several algorithms that are used for prediction of mRNA--miRNA interactions. Using DIANA, miRBase, PicTar, Miranda, miRTB, TargetScan, miRDB and miRNApath FBXW7 was predicted to be a target of miR-32, miR-107 and miR-27. However, miR-32 and miR-107 had higher scores and were selected for further experiments.

The plasma levels of miR-32 were significantly higher in the T-ALL group than in the healthy control individuals. However, the plasma level of miR-107 was significantly decreased in patients suffering from T-ALL. The expression of miR-32 was upregulated by 5.65 fold (P= 0.000) and expression of miR-107 was downregulated by −2.31 fold (P= 0.002). Furthermore, the plasma levels of FBXW7 were downregulated by 0.013 (or −76.9 fold, P= 0.000) in the T-ALL group than in the healthy control group. These findings confirm that miR-32 might also boost the proliferation of T-ALL cells by direct-targeting of FBXW7 transcript. On the other hand, the downregulation of miR-107 is inconsistent with the research hypothesis. One of the main plausible explanations might be the fact that bioinformatics tools only predict the intermolecular interactions and their result always need experimental confirmation, as in this case that our data did not support the in silico prediction. Additionally, a few studies have identified mutations in FBXW7 gene which was related to 9--30% cases of T-cell acute lymphocytic leukemia.[@CIT0007] Nevertheless, no mutation is observed in the majority cases of T-ALL and the induction and progression of such cases might be due to overexpression of miR-32 and, hence, suppressing the expression of FBXW7 protein. The bioinformatics predictions presented here indicate that miR-32 could target the transcript of the FBXW7 gene, as the experimental analyses showed the plasma levels of this miRNA were reduced in patients with T-ALL. The role of mir-32 expression has been studied in a few cancer including colorectal cancer, glioma, and nasopharyngeal cancer by targeting PTEN, E2F transcription factor 5, and LATS2, respectively.[@CIT0026]--[@CIT0029] However, to our knowledge, none of the previous studies evaluated the plasma levels miR-32 as a potential contributing etiology or biomarker of T-ALL. The present study is the first report related to a biological function for this molecule in this type of leukemia.

Conclusion {#S0005}
==========

The present study showed a negative correlation between upregulation of miR-32 and downregulation of FBXW7 in patients with T-ALL. This might be due to targeting FBXW7 transcript by miR-32. This finding opens the way for a series of future studies in which the reciprocal expression of miR-32 and its target FBXW7 is deeply evaluated and the results may be useful in predicting clinical outcome in T-ALL. Further studies are necessary to thoroughly elucidate the role of the miR-32/FBXW7 interplay, the discovery of their functional relationship might lead to a better understanding of molecular pathways involved in T-ALL, contributing to open new possibilities for future diagnosis, prognosis and therapies in patients affected by acute leukemia.[@CIT0004]
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